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Introduction
During the 1980s, double-digit vacancy rates stimulated signiﬁcant decreases in ofﬁce
space rents, thereby motivating a number of empirical studies focusing on the rent
adjustment mechanism in the ofﬁce space market (Hekman 1985; Rosen, 1984; Shilling,
Sirmans and Corgel, 1987; Wheaton and Torto, 1988, 1994). The basic premise of most
of these studies is that rent changes in the commercial real estate market are triggered by
excess demand or excess supply, as measured by the deviation of the prevailing vacancy
rate from a “natural” or “structural” vacancy rate. There are two prevailing deﬁnitions of
the latter. First, according to some analysts, it is deﬁned in a manner analogous to the
natural unemployment rate as the vacant stock required to facilitate the search needs of
tenants looking for ofﬁce space as well as the search needs of landlords looking for
tenants (Rosen and Smith, 1983). Second, according to some other analysts, it is deﬁned
as the optimal inventory of vacant units that maximizes landlords’ anticipated proﬁts
and, as such, it depends on their expectations with respect to ofﬁce space demand and the
marginal cost of holding vacant units (Shilling et al., 1987).
All the up-to-date studies, with the exception of Wheaton and Torto (1988), assume
that the structural vacancy rate is constant through time, without presenting any
theoretically sound argument to justify such an assumption. It can in fact be argued that
the deﬁnitions of the structural vacancy rate presented in these studies point towards its
intertemporal variability as opposed to its intertemporal stability.
Against this background, this paper, ﬁrst, extends the traditional rent adjustment
model to account for an intertemporally variable structural vacancy rate; second, tests
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Abstract. Existing studies of the ofﬁce–rent adjustment process employ empirical model
speciﬁcations that assume an intertemporally constant structural vacancy rate. Such
speciﬁcations, however, contradict prevailing theoretical deﬁnitions of the latter which point
towards its intertemporal variability. Against this background, this study extends the
traditional rent adjustment speciﬁcation to account for an intertemporally variable
structural vacancy rate. The empirical results suggest that the extended model may be more
appropriate than the traditional one in explaining ofﬁce rent changes during the period
1980–1988. They also suggest that the structural vacancy rate may indeed vary both
through time and across markets.the extended model by estimating rent adjustment equations for twenty-four
metropolitan areas; third, identiﬁes intermetropolitan differences in the rent adjustment
process; and, fourth, presents annual estimates of the structural vacancy rate during the
period 1980–1988.
The ﬁndings of the paper should be viewed with caution because of the limited number
of observations used for the estimation of the rent adjustment equations. Nevertheless
they are enlightening in that they suggest that the proposed extended model may be more
appropriate than the traditional model in explaining real rent changes in the commercial
real estate market. Furthermore, the time-series estimates of the structural vacancy rate
for nineteen metropolitan areas indicate that this may be quite variable both through
time and across markets.
These ﬁndings are useful from an academic point of view because they advance an
improved theoretical and empirical formulation that highlights the complexities of the
rent adjustment process. They are also useful from a practical point of view in that they
can help real estate investment analysts to better model and forecast rent changes in the
commercial real estate market.
Literature Review
The issue of the rent adjustment process has attracted a great deal of attention, especially
in the last decade (Rosen, 1984; Hekman, 1985; Shilling et al., 1987; Wheaton and Torto,
1988, 1994). This issue was originally examined by Eubanks and Sirmans (1979).
Focusing on the housing market, their empirical model, described in (1), is based upon
the premise that nominal, as opposed to real, rent change R*, is a function of two factors:
excess demand or supply, represented by the prevailing vacancy rate, V, and inﬂationary
increases in operating costs, E*, which are usually passed onto tenants.
R*5f (V, E*) . (1)
Focusing also on the rent adjustment process in the housing market, Rosen and Smith
(1983) subsequently used a modiﬁed version of the Eubanks and Sirmans model. Its
general form is described by (2) and its empirical speciﬁcation by (3):
R*5f (Vn–V, E*) , (2)
R*5b01b1E*2b2V . (3)
Although this model postulates that nominal rent change is a function of factors similar
to those included in the Eubanks and Sirmans model, that is, excess demand or supply
and changes in operating expenses, it differs in terms of how the former is
operationalized. While in the Eubanks and Sirmans study excess demand or supply is
represented by the prevailing vacancy rate, in the Rosen and Smith study excess demand
or supply is deﬁned as Vn–V, that is, the deviation of the prevailing vacancy rate V from
a “natural” vacancy rate, Vn. The theoretical premise underlying equation (2) is that when
the nominal vacancy rate is below its natural level, Vn, there is excess demand which
exerts an upward pressure on rents, thereby stimulating rent increases. On the contrary,
when the nominal vacancy rate is above its natural level, Vn, there is excess supply that
exerts downward pressures on real estate rents, thereby inducing rent decreases.
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to the labor market, that is, as the stock of vacant units required “to facilitate the
search processes of buyers and sellers in the market”. They argued that it is determined
by “the interaction of optimal search procedures on the part of households searching
for dwelling space and landlords searching for tenants, by tenant turnover, and by
institutional market characteristics,” such as an area’s growth rate. Such determinants,
especially the last one, may vary considerably through time, thereby implying that the
natural vacancy rate may vary through time as well. Voith and Crone (1988) and
Wheaton and Torto (1988) provide evidence indicating that the natural vacancy rate in
the real estate market does indeed vary through time. Rosen and Smith’s empirical
speciﬁcation, described by (3), fails to account for such variability, since it does not
include any variable that potentially affects the natural vacancy rate through time. 
This is why Rosen and Smith argue that their empirical speciﬁcation reﬂects the
assumption that the natural vacancy rate is constant through time and equal to the
ratio of the constant term of equation (3), b0, over the coefﬁcient of the nominal
vacancy rate, b2.
Rosen (1984) was the ﬁrst one to apply the Rosen and Smith model to a commercial
real estate market and in particular, the San Francisco ofﬁce market. Rosen’s empirical
model, described by (4), postulates that nominal ofﬁce rent changes, R*, are a function of
the deviation of the prevailing ofﬁce vacancy rate, V, from a natural or an “optimal”
vacancy rate, Vn, and general price inﬂation, P*.
R*5b01b1P*1b2(Vn2V) . (4)
In order to empirically formulate the variable Vn2V, Rosen assumed that the natural
vacancy rate, Vn, was constant and equal to the actual average vacancy rate over the
estimation period 1961–1983. As such, the Rosen model also failed to take into account
the potential variability of the natural vacancy rate through time.
Shilling et al. (1987) also used the Rosen and Smith model, described by (3), along
with a slightly modiﬁed version, to empirically analyze changes in ofﬁce space rents.
The empirical speciﬁcation of their model maintains the Rosen and Smith assumption
that the natural or “optimal” vacancy rate is constant through time. Such an
assumption, however, seems inconsistent with the deﬁnition of the natural vacancy rate
presented in their paper. In particular, Shilling et al. (1987) argue that the natural or
optimal vacancy rate is analogous to the optimal or desired inventory of capital goods
and, as such, it depends on landlord expectations with respect to demand, new
construction, and the marginal cost of holding vacant units. Since absorption rates and
construction vary considerably through time, the optimal vacancy should also vary
through time.
Wheaton and Torto (1988) have estimated two rent adjustment models that are
somewhat different than the Shilling et al. model. The ﬁrst model, referred to as the
traditional rent adjustment model and described by (5), postulates that real, as opposed
to nominal, rent change, RR*, is a function of the deviation of the nominal vacancy rate,
V, from the natural or structural vacancy rate, Vn, which is assumed to be again
intertemporally constant.
RR*(t)5a [Vn2V(t21)] . (5)
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operating expenses from the left-hand side of the equation, since real rent change
accounts for any increases in rents due to inﬂationary increases in operating expenses.
The second model estimated by Wheaton and Torto allows the structural vacancy rate
to vary, in some way, through time. The latter is expressed as function of time t as in (6),
thereby reﬂecting the assumption that Vn has been trending upwardly or downwardly
through time.
RR*(t)5a [(b11b2t)2V(t21)] . (6)
Equation (6) can be rewritten in a statistical form as:
RR*(t)5c01c1t2c2V(t21) , (7)
where
c05ab1, c15ab2, c25a and Vn5(c0/c2)1(c1/c2)t .
As shown above, this model accounts for the intertemporal variability of Vn by including
the time variable, t, that presumably reﬂects such variations. Estimates of (7) suggest that
the structural vacancy rate in the ofﬁce market has been increasing through time.
In sum, despite the fact that the theoretical deﬁnition of the natural or structural
vacancy rate implies intertemporal variability and despite some empirical evidence to this
effect, none of the up-to-date empirical studies of the rent adjustment process, but the
Wheaton and Torto study, has accounted for such variability. Even the Wheaton and
Torto analysis considers the structural vacancy rate as a function of time and not
variables that should in theory cause intertemporal changes in this rate.
The Empirical Model
The proposed model, described by (8) and (9), accounts for the intertemporal variability
of the structural vacancy rate by including, besides the nominal vacancy rate, an
additional independent variable that presumably affects it through time. The substantial
improvement of this model over Wheaton and Torto’s formulation is that the structural
vacancy rate is not considered as a function of time t, but as a function of a vector of
variables that may be causally linked with its potential ﬂuctuation through time.
RR*(t)5a [(b01b1Xt–m)2Vt–m)] , (8)
RR*(t)5c01c1Xt–m2c2Vt–m , (9)
where:
b01b1Xt–m 5 structural vacancy rate, Vn;
Xt–m 5 vector of variables intertemporally affecting the structural 
vacancy rate;
m 5 time lags;
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c05ab1, c15ab2, c25a, Vn5(c0/c2)1(c1/c2)Xt–m .
In order to specify which variables should be used as predictors of the structural
vacancy rate through time, this study draws from the optimal inventory theory (Shilling
et al., 1987). In particular, following Shilling et al. (1987), the structural vacancy rate is
deﬁned as the desired inventory of vacant units held by landlords given current and
expected market conditions. In a strong market with increasing rents landlords may be
inclined to hold more vacant units in order to be able to capitalize on future rent
increases and strong demand. On the other hand, in a weakening market with increasing
vacancies, landlords may tend to hold fewer vacant units in order to minimize their losses
from weak demand and declining rents. The optimal or structural vacancy rate should,
therefore, ﬂuctuate through time depending on landlords’ perceptions of market strength.
The prevailing vacancy rate may not be an adequate indicator of market strength.
Landlords facing for example, the same vacancy and signiﬁcantly different absorption
levels may perceive market strength differently. In particular, landlords facing higher
absorption will perceive the market stronger than landlords facing lower absorption.
Assuming myopic expectations on the part of landlords, their perceptions of prevailing
and expected market strength, and, by extension, the structural vacancy rate, should
depend on current or historic demand and supply indicators. Based on this rationale, and
given data availability, vector X includes such predictors of the structural vacancy rate as
ofﬁce space absorption,1 ofﬁce employment growth,2 completions3 and change in
vacancy.4
Ofﬁce space absorption should have a positive effect on the structural vacancy rate.
Consider, for example, an ofﬁce market with 2,000,000 square feet of vacant space. If we
keep this vacant stock constant through time and vary absorption we can see how the
latter affects landlords’ perceptions of market strength and, furthermore, the structural
vacancy rate. Thus, let us assume that absorption is 100,000 square feet during the ﬁrst
time period and 1,000,000 square feet during the second. In the ﬁrst period, absorption is
very small compared to the available vacant stock of 2,000,000 square feet. In such a case,
landlords will experience very few tenant visits compared to the number of vacant units
they hold. As a result, they will perceive the market as highly oversupplied and they will
be inclined to set the optimal vacancy rate at low levels, which in turn would imply a low
structural vacancy rate. In the second period, absorption is signiﬁcantly higher relative to
the ﬁrst period. Landlords, experiencing a quite higher number of prospective tenant
visits compared to the number of units they hold, would now perceive that the market is
stronger, and they will be inclined to set the desired inventory of vacant units at higher
levels, implying a higher structural vacancy rate relative to the ﬁrst period. In sum, as
absorption increases, the structural vacancy rate increases too. If the prevailing vacancy
is below the structural vacancy rate an increase in the latter would imply greater supply
shortages and a greater increase in rental rates. The expected sign for absorption,
therefore, is positive.
The same rationale can be applied to ofﬁce employment growth, which is another
proxy for effective ofﬁce space demand (Wheaton, 1987). By the same logic the expected
coefﬁcient for ofﬁce employment growth is positive.
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variables but also by supply-side variables, such as completions. Under the assumption of
myopic expectations, rapid increases of completions in the present may also generate
expectations of high levels of completions in the immediate future. In anticipation of an
imminent softening of the market, landlords may be inclined to adjust rental rates more
drastically than they would otherwise, in order to ﬁll vacancies faster. Such a behavior
would imply a lower level of desired vacant units and a lower structural vacancy rate.
This in turn would imply smaller supply shortages or greater excess supply (depending on
whether the prevailing vacancy is lower or higher than the structural vacancy) and
smaller rent change. A negative relationship between completions and rent change is
therefore hypothesized.
Landlords’ perceptions and expectations of market strength may be also inﬂuenced by
changes in the vacancy rate since such changes summarize the combined effect of both
absorption and completions. For the purpose of this analysis, change in vacancy is
deﬁned as the difference between the current vacancy and the previous period’s vacancy.
A negative change in vacancy, therefore, would imply a decreasing vacancy rate and a
strengthening market, which, in turn, should be characterized by a higher structural
vacancy rate. Thus, a negative sign is expected for this variable.
The Data
The data used for the estimation of rent adjustment equations for twenty-four
metropolitan ofﬁce markets, as well as their sources, are listed and described in Exhibit 1.
The dependent variable in these equations is the semiannual real change in time-series
rent indices that were developed for each city through hedonic analysis. This analysis was
carried out using a large database of actual lease transactions brokered by CB
Commercial in over ﬁfty of the largest metropolitan areas in the country over the period
1980–1988. This database includes such variables as metropolitan area,  year (Y) during
which the lease was signed, term of the lease agreement (L), square feet covered by the
lease (S), base contract rent (R), height (H) of building the space referred to in the lease
agreement is located, and zip code location of the building (Z). Given these data, the
following hedonic equation was estimated for each of the twenty-four markets for which
adequate time-series observations were available:
R5b01b1 logL1b2 logS1b3 H1b4 Z11. .1b4+i Zi1b41i11 Y11. .1b41i1n Yn . (10)
In this equation, Zi and Yi represent zip code and year dummies, respectively.
The coefﬁcients obtained from the estimation of (10) for each metropolitan area were
used to calculate annual rental rates for a three-year, 10,000 square-foot lease, at the best
location (the zip code with the highest positive coefﬁcient). In this way time-series ofﬁce
rent indices were developed for each of the twenty-four metropolitan areas.
As can be seen from Exhibit 2, where these indices are presented, ofﬁce rents vary
signiﬁcantly across markets. In 1988, for example, nominal ofﬁce space rents ranged from
$9.20 in Oklahoma City to $32.90 in New York. It appears that rent dispersion across
markets increased during the period under consideration. In particular, the spread
between the minimum and maximum rent gradually increased from $14.60 in 1981 (the
ﬁrst year for which data on ofﬁce space rents in the New York metropolitan area are
available) to $23.70 in 1988. We can also observe a steadily increasing ofﬁce rent standard
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result of the gradual softening of most of the major markets in the country.
Exhibit 2 indicates also the somewhat different time path that ofﬁce rents followed in
the different markets. In particular, ofﬁce rents in some markets, such as Atlanta, Boston,
Chicago, Los Angeles, Philadelphia, Sacramento, St. Louis, and Washington D.C., were
basically increasing during the period 1980–1988. The cumulative ofﬁce rent increases
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Exhibit 1
Data Used for the Estimation of the Rent Adjustment Equation
Variable Name &
Formula Used to Description of
Calculate it Data Used Data Source
Percentage Change Rent index for each market Lease transaction ﬁles
in Real Rents deﬂated with national provided by CB Commercial.
R(t)2R(t21) / R(t21) consumer price index (CPI) These transaction ﬁles
using 1980 as basis. include data on contract
The rent index has been rents, the year the lease
estimated through hedonic was signed, the term of the
regression analysis for lease, square footage covered
each market using individual by the lease, the type of the
lease transaction data. property (high rise or low rise),
and the metropolitan area
and zip code location of the
property
Vacancy Rate Percent of ofﬁce space Quarterly survey of ofﬁce
recorded as vacant in buildings conducted by
each market. CB Commercial in the 50 
major metropolitan areas in
the country.
Absorption Vacancy rate (V) and total Quarterly survey of ofﬁce
(12V(t)) S(t)2 ofﬁce space stock (S). buildings conducted by
(12V(t21)) S(t21) CB Commercial in the 50
major metropolitan areas in
the country recording vacancy
rate and year each building
was completed.
Completions Total ofﬁce space stock (S) Quarterly survey of ofﬁce
S(t)2S(t21) in each period. buildings conducted by
CB Commercial in the 50
major metropolitan areas in
the country.
Ofﬁce Employment Employment in Finance, U.S. Department of Commerce,
Growth Insurance and Real Estate 202 Employment Survey.
E(t)2E(t21) / E(t21) and Services (E).
Change in Vacancy Vacancy rate (V) See above.
V(t)2V(t21) in each period.during this period range from 21.2% in St. Louis to 86.0% in Atlanta. In almost all the
remaining markets ofﬁce rents were increasing until 1984, 1985 or 1986 but basically
decreasing thereafter. As indicated in Exhibit 2 some markets such as Dallas, Denver,
Houston, and Oklahoma City experienced signiﬁcant rent decreases in the late 1980s
ranging from 32.3% in Dallas to 41.2% in Denver.
The Empirical Results
The hedonic rent estimates presented in Exhibit 2 were used in combination with national
inﬂation rates for the derivation of the real rent change that was eventually used as the
dependent variable for the estimation of (9). Due to the limited availability of time-series
observations, the number of independent variables in (9) was restricted to two, that is, the
vacancy rate, and one of the four variables hypothesized to affect the structural vacancy
rate through time.
A number of alternative versions of the traditional and the proposed model were
estimated for each of the metropolitan areas in our sample. In the case of the traditional
rent adjustment model, these variants use different vacancy measures as the one-semester
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Exhibit 2
Nominal Ofﬁce Space Rents: 1980–1988
1980 1981 1982 1983 1984 1985 1986 1987 1988
Atlanta 10.0 13.5 12.9 14.7 16.6 17.3 18.6 18.3 18.6
Boston 15.2 18.7 20.4 20.2 21.9 22.00 24.5 26.9 26.0
Chicago 15.7 15.6 16.6 19.2 20.8 21.9 21.9 20.8 23.6
Cincinnati na 12.1 13.2 15.4 14.7 14.4 13.0 13.9 14.8
Dallas 13.1 15.4 18.1 18.4 18.2 19.8 17.8 14.3 13.4
Denver 16.4 20.2 22.6 21.7 19.6 20.4 14.7 13.8 13.3
Houston 12.3 14.8 17.3 18.1 16.6 15.3 12.8 10.5 10.9
Kansas 10.2 11.0 12.7 13.1 14.1 15.4 16.5 15.0 14.3
Los Angeles 17.9 23.7 23.7 22.7 24.7 25.5 26.2 27.3 27.5
Miami 15.3 18.0 26.7 22.9 26.8 23.9 23.2 23.5 20.4
Minneapolis 12.5 14.1 15.2 13.8 12.7 14.1 17.1 17.1 15.8
New Orleans na na 18.6 19.6 19.6 20.2 21.4 15.0 17.9
New York na 25.6 32.6 31.4 32.4 32.5 33.1 31.7 32.9
Oklahoma na 12.1 14.9 13.5 14.6 12.9 9.6 8.5 9.2
Philadelphia 13.6 14.0 18.3 16.4 16.7 17.4 18.5 20.4 21.6
Phoenix 15.0 17.0 18.8 20.3 21.1 22.0 22.2 20.7 18.2
Portland 15.8 15.6 16.3 17.0 17.7 16.5 16.2 16.0 15.9
Sacramento 15.6 16.6 20.1 18.5 18.5 19.3 19.7 19.8 21.1
St. Louis na na 13.2 14.5 15.2 14.7 15.5 15.1 16.0
San Diego 17.3 19.2 20.8 23.4 23.6 25.3 25.7 25.4 25.2
San Francisco 18.4 24.6 30.4 28.7 29.5 27.5 22.5 22.6 23.9
Seattle 14.5 15.4 16.5 17.4 17.8 17.3 18.6 18.3 18.0
Tampa na na 15.7 16.2 19.0 20.4 20.3 20.0 15.4
Washington, DC 17.2 18.9 19.0 20.1 23.3 25.6 25.3 26.0 28.1
Minimum 10 11 12.7 13.1 12.7 12.9 9.6 8.5 9.2
Maximum 18.4 25.6 32.6 31.4 32.4 32.5 33.1 31.7 32.9
Spread 8.4 14.6 19.9 18.3 19.7 19.6 23.5 23.2 23.7
Std Dev. 2.4 3.9 5.1 4.4 4.8 4.8 5.1 5.7 5.8vacancy rate, the two-semester moving average, and the three-semester moving average,
which are alternatively lagged one, two, or three semesters.5 The estimated variants of the
extended model differ in two ways: in terms of the nature of the additional independent
variable intended to capture ﬂuctuations in the structural vacancy rate, and in terms of
the time lags by which this additional variable and the vacancy rate are introduced. The
estimated equations account for all possible combinations of variables and lags.
Exhibit 3 presents selected results of both the traditional and the extended model for
Atlanta and Dallas for comparison purposes. Two variants of each model are presented,
with the ﬁrst variant using the one-semester vacancy rate and the second using the three-
semester average vacancy rate. In particular, Model 1 is the traditional model and Model
2 is its variant with the three-semester vacancy average which in most cases, worked
better than the one-semester vacancy; Model 3 is the new expanded model and Model 4
is its variant with the three-semester average vacancy rate.
Although these results should deﬁnitely be viewed with caution because of the small
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Exhibit 3




Constant1 Vacancy1 Vacancy1 Absorption1 R2
Model 1 .05 2.37 .07
(.92) (21.00) – –
Model 2 .09 2.63 .14
(1.45) – (21.53) –
Model 3 .07 21.06 .04 .24
(1.31) (22.01) – (1.73)
Model 4 .10 21.32 .04 .35




Constant1 Vacancy1 Vacancy1 Vacancy1 R2
Model 1 .05 2.44 .42
(1.64) (23.19) – –
Model 2 .05 2.48 .47
(1.84) – (23.58) –
Model 3 .09 2.58 .99 .63
(3.13) (24.61) – (2.74)
Model 4 .09 2.63 1.07 .72
(3.89) – (25.70) (3.39)
1T-statistics are in parentheses.
Source: estimates based on data provided by CB Commercial/Torto Wheaton Researchnumber of observations used, they do suggest that the proposed model accounting for an
intertemporally variable structural vacancy rate may be more appropriate than the
traditional model in explaining variations in rent changes through time. In both markets,
the addition of another variable that presumably affects the structural vacancy rate, and
the substitution of the one-semester vacancy for the three-semester average, considerably
raised the R-squared and the t-statistics of the explanatory variables accounted for in the
equation.
The Metropolitan Rent Adjustment Function
Exhibit 4 presents the estimation results of the best ﬁtting model for nineteen
metropolitan areas. Five of the twenty-four metropolitan areas have been excluded
because no acceptable estimate of the rent adjustment equation was obtained.
The results clearly indicate that the model accounting for an intertemporally variable
structural vacancy rate may be more powerful than the traditional model in explaining
ofﬁce rent changes through time. In particular, eighteen out of the nineteen best ﬁtting
models in Exhibit 4 are of the expanded form, which besides the vacancy rate, includes an
additional independent variable presumably capturing intertemporal variations in the
structural vacancy rate. The only exception is Phoenix, where the best ﬁtting model is
consistent with the traditional formulation which includes only the vacancy rate. The
explanatory power of this model, however, is quite low.
The implications of these ﬁndings are important in that they contradict the
conventional assumption of an intertemporally constant structural vacancy rate. In fact,
these results suggest that the structural vacancy rate ﬂuctuates considerably through time,
depending on changes in demand and/or supply variables that determine landlord
perceptions and expectations with respect to market strength. A comparison of these
results across metropolitan areas leads to several conclusions. First, variations in the
structural vacancy rate though time are not always best captured by the same variable.
Intertemporal variations in the structural vacancy rate, for example, are best captured in
Atlanta by absorption, in Boston by employment growth, in Chicago by change in
vacancy, and in Houston by completions. In sum, the results conﬁrm the hypotheses that
higher absorption and ofﬁce employment growth rates contribute towards a higher
structural vacancy rate, while greater levels of new construction and vacancy change
contribute towards a lower structural vacancy rate.
Second, the timing of the effect of the three-semester average vacancy rate on ofﬁce
rents, reﬂected in the number of semesters by which this rate is lagged, is not the same in
all metropolitan areas. Although, for eleven out of the nineteen metropolitan areas
included in the sample employed, this time lag appears to be three semesters, there are
markets such as Oklahoma and Philadelphia, where the two-semester lag performed
better, or markets such as Minneapolis and New York, where the one-semester lag
performed better. Only in Miami and Cincinnati, rent changes appear to be associated
with the same period’s three-semester average vacancy rate, thereby indicating that
landlords in these markets are able to respond rather quickly to excess vacancies.
Third, the rate of rental adjustment, which represents the percentage decrease in rents
caused by one percentage point increase in the deviation of the nominal vacancy rate
from the structural vacancy rate, also varies considerably across metropolitan areas.
Represented by the coefﬁcient b of the vacancy rate, it ranges from .24 in Phoenix to 1.32
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Exhibit 4
The Metropolitan Rent Adjustment Process
R(t)2R(t21) / R(t21)5a1b V1(t2Lag)1c X(t2Lag)
Metropolitan
Area a2 b2 Lag X Lag c2 R2
Atlanta .10 21.32 3 Absorption 1 .04 .35
(1.93) (22.62) (2.03)
Boston 2.03 2.52 3 Growth 2 3.04 .43
(21.34) (22.69) (2.83)
Chicago .10 2.72 3 Change in  0 22.03 .64
(4.08) (23.75) Vacancy (22.94)
Cincinnati .11 21.00 0 Growth 3 2.08 .25
(1.86) (22.07) (1.79)
Dallas .09 2.63 3 Change in 1 21.07 .72
(3.89) (25.99) Vacancy (23.39)
Denver .17 2.69 3 Completions 1 2.04 .76
(5.03) (25.99) (26.15)
Houston .21 2.83 3 Completions 2 2.02 .46
(2.79) (23.30) (23.05)
Kansas3 .13 21.23 3 Growth 2 1.04 .60
(4.13) (24.20) (1.80)
Los Angeles4 .05 2.38 3 Change in 0 21.94 .53
(2.74) (22.89) Vacancy (24.02)
Miami .02 2.49 0 Absorption 2 .08 .22
(4.98) (22.01) (1.08)
Minneapolis 2.06 2.51 1 Growth 2 6.72 .67
(21.78) (22.72) (4.81)
New York .02 2.63 1 Absorption 3 .01 .43
(.79) (22.34) (2.36)
Oklahoma .11 2.75 2 Completions 1 2.10 .48
(2.39) (23.49) (22.70)
Philadelphia .01 21.3 2 Absorption 0 .09 .64
(.165) (23.79) (4.64)
Phoenix .04 2.24 1 na5 na na .18
(1.39) (21.74)
Portland .07 2.29 3 Completions 3 2.10 .74
(4.41) (25.7) (25.3)
San Diego .0 2.28 3 Absorption 1 .04 .65
(.15) (24.92) (3.04)
San Francisco 2.06 2.45 1 Absorption 0 .10 .63
(22.75) (23.04) (4.47)
Washington, DC6 .06 2.50 3 Change in 0 21.24 .63
(4.50) (23.98) Vacancy (23.07)
Notes: 1 Three-period average vacancy rate;
2 T-statistics in parentheses;
3 estimated using observations from 1980:2 to 1988:1;
4 estimated using observations from 1980:2 to 1989:1;
5 na: not applicable;
6 estimated using observations from 1982:2 to 1989:1in Atlanta. It is interesting to note that the markets located on the West Coast exhibit the
lowest rates of rental adjustment. In particular, the rate of rental adjustment in San
Diego, Los Angeles and San Francisco during the 1980s was .28, .38 and .45, respectively.
The rate of adjustment seems to be also relatively slow in some major eastern markets,
such as Boston, Washington, DC and New York, estimated at .5, .5 and .6, respectively.
In contrast, the rental adjustment process seems to be faster in markets located in the
South, where the rate of rental adjustment takes values over .5. In particular, the rate of
adjustment in some major southern markets, such as Atlanta, Dallas and Houston, is
1.32, .63 and .83, respectively.
Variation in Structural Vacancy Rates: 1980–1988
Using the coefﬁcients from the rent adjustment estimates and historic annual values for
the independent variables included in the best ﬁtting models presented in Exhibit 4,
annual structural vacancy rates for each market were estimated for the period 1980–1988.
These estimates, presented in Exhibit 5, indicate that the structural vacancy rate is very
volatile in almost all the markets in our sample. An extreme example of the volatility of
the structural vacancy rate is Denver, where estimates of this rate range from 22.31% to
25.16%. The estimated negative structural vacancy rate for Denver, and some other
metropolitan areas, may reﬂect years of negative net ofﬁce space absorption; or in more
general terms, a perceived excess supply greater than the prevailing nominal vacancy rate.
The signiﬁcant volatility of the structural vacancy rate suggests that it may be very
sensitive to changes in variables that affect landlord perceptions and expectations. In
some markets, however, such as Kansas City, Cincinnati and Atlanta, the structural
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Exhibit 5
Annual Structural Vacancy Estimates: 1980–1988
Metro Area 1980 1981 1982 1983 1984 1985 1986 1987 1988
Atlanta 11.88 12.09 11.50 13.79 12.82 14.37 13.83 17.69 14.39
Boston 7.92 5.60 3.47 1.96 5.05 12.28 14.05 7.47 8.50
Chicago 18.02 15.69 11.44 6.58 12.32 10.71 8.40 13.81 16.22
Cincinnati 13.93 13.53 11.79 11.13 12.15 16.54 17.97 16.29 16.29
Dallas 12.69 15.34 4.42 7.29 17.75 11.37 10.63 13.39 13.93
Denver 6.74 6.98 22.31 21.95 10.96 5.48 19.11 23.18 25.16
Houston 16.03 12.21 7.61 2.07 7.30 19.56 22.16 24.42 25.10
Kansas 10.84 10.90 10.56 9.71 12.34 11.82 11.12 13.25 11.07
Los Angeles 21.85 13.75 26.03 23.81 12.43 9.84 11.16 14.64 15.62
Miami 8.93 16.49 9.68 14.92 18.06 12.09 10.45 18.25 16.88
Minneapolis 17.49 16.88 21.31 23.57 22.90 22.83 15.55 12.66 9.58
New York 11.64 8.56 3.71 3.69 5.26 4.38 3.20 6.16 10.71
Oklahoma 8.35 8.54 25.63 11.62 6.65 13.79 13.14 14.81 13.90
Philadelphia 6.25 6.30 8.35 6.40 8.85 11.84 13.40 17.69 8.27
Phoenix 15.54 15.45 15.45 15.45 15.45 15.45 15.45 15.45 15.45
Portland 1.17 23.83 3.53 9.07 23.60 7.28 8.31 11.76 9.93
San Diego 10.56 12.07 11.91 4.16 19.29 13.08 13.42 16.31 14.82
San Francisco 20.73 20.17 21.26 7.19 1.71 23.37 7.44 21.67 9.05
Washington, DC 14.97 14.58 9.67 7.39 13.99 9.26 10.56 12.84 16.49
Source: derived on the basis of data provided by CB Commercial/Torto Wheaton Researchvacancy rate appears to be less sensitive as it ﬂuctuates only slightly or moderately. In
Kansas City, for example, it ﬂuctuates from 10%–12%; in Cincinnati it ranges from 13%
to 18%; and in Atlanta it ﬂuctuates from 11% to 17%.
Biases in the Estimates of the Rent Adjustment Equation and the Structural Vacancy Rate
The estimates of the structural vacancy rate may be upwardly biased because contract
rents instead of effective rents have been used. Contract rents understate effective rents,
especially during periods of oversupply, because they do not account for income losses
due to concessions. In 1988, the discrepancy in some markets between contract rent and
effective rent due to concessions was as high as 20%. Similarly, changes in contract rents,
especially after 1984, when most major ofﬁce markets entered into serious
disequilibrium, understate intertemporal changes in effective rents. Thus, the use of
effective rents instead of contract rents might have resulted in lower estimates of the
structural vacancy rate.
To understand this argument consider the simple rent adjustment equation where the
rent change equals the product of the rate of rental adjustment and the difference of the
nominal vacancy rate from the structural vacancy rate. Now assume that the right-hand
side of this equation, that is, the rent change, increases (in absolute terms), while the
nominal vacancy rate remains constant. Under these assumptions the equality will hold
only if any of the following three conditions hold: the rate of rental adjustment increases
(in absolute terms); the structural vacancy rate decreases; or both the ﬁrst and second
condition simultaneously hold. This suggests that estimates of the rate of rental
adjustment may be biased downwards (in absolute terms), while estimates of the
structural vacancy rate may be biased upwards.
Conclusions and Extensions
This article has explored the issue of the intertemporal variability of the structural
vacancy rate in the ofﬁce space market. Furthermore, it has presented estimates of rent
adjustment models that account for such intertemporal variability. Although these results
should be viewed with caution because of the limited number of time-series observations
used, they do suggest that such rent adjustment models may be more appropriate when
analyzing ofﬁce space rent changes through time.
Estimation of alternative rent adjustment models for nineteen major ofﬁce markets
suggests the following. First, in eighteen out of the nineteen metropolitan areas the best
ﬁtting model is the one that accounts for an intertemporally variable structural vacancy
rate. Second, the nature of the variable that best captures such variations differs across
metropolitan areas. In some metropolitan areas, intertemporal variations in the
structural vacancy rate are captured by employment growth, in some by absorption, in
others by the change in vacancy, and in others by completions. Estimates of time-series
structural vacancy rates for the nineteen metropolitan areas indicate that they are quite
sensitive to changes in these variables. Third, the rate of rental adjustment differs
considerably across metropolitan areas, ranging from .26 in Phoenix to 1.32 in Atlanta.
Overall, the empirical results reveal the complexity of the ofﬁce rent adjustment
process as well as the considerable variations in this process across metropolitan markets.
Several reﬁnements and extensions of this study can be proposed. First, more accurate
RENT ADJUSTMENT PROCESS, STRUCTURAL VACANCY RATE 207estimates of the rent adjustment equation and the structural vacancy rate can be carried
out using effective instead of contract rents. The former are more accurate than the latter
because they account for income losses due to concessions, which are heavily used by
landlords when the market is soft. Second, the metropolitan rent adjustment equation
can be estimated using longer time-series data. The availability of sufﬁciently long time-
series data can allow the exploration of additional theoretical and empirical formulations
with more complicated assumptions such as different rates of adjustment depending on
whether the nominal vacancy rate is above or below its structural level.
Notes
1Absorption is deﬁned as the difference between the occupied stock (OS) in period t and the
occupied stock during period t21:
OS(t)2OS(t21)5A(t) .
2Ofﬁce employment growth (EG) for each period has been calculated using the following formula:
EG(t)5(OE(t)2OE(t21)) / OE(t21) .
Ofﬁce employment OE has been calculated using the following formula:
OE(t)5FIRE(t)10.36 SERV(t) ,
where:
FIRE(t) 5 Employment in Finance, Insurance and Real Estate in period t;
SERV(t) 5 Employment in Services in period t.
3Completions are deﬁned as the difference between the ofﬁce space stock (S) in period t and the
stock in period t21:
S(t)2S(t21)5C(t) .
4The change in vacancy for each period DV was calculated using the following formula:
DV(t)5V(t)2V(t21) ,
where:
V(t) 5 Vacancy in period t;
V(t21) 5 Vacancy in period t21.
5We use only up to the third lag in order to avoid eliminating too many of the already limited
number of observations available.
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